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57 ABSTRACT 

A patterning material includes a polymer represented by a 
general formula: 
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wherein R indicates a hydrogen atom or an alkyl group; R. 
indicates a hydrophobic protecting group which is easily 
deSorbed through a function of an acid; R indicates a 
hydrogen atom or an alkyl group; R and Rs independently 
indicate a hydrogen atom, an alkyl group, a phenyl group or 
an alkenyl group, or together indicate a cyclic alkyl group, 
a cyclic alkenyl group or a cyclic alkyl or alkenyl group 
having a phenyl group; X Satisfies a relationship of 0<x<1, 
and y Satisfies a relationship of 0<y<1. 
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PATTERNING MATERIAL AND 
PATTERNING METHOD 

BACKGROUND OF THE INVENTION 

The present invention relates to a fine-line patterning 
method for use in the manufacture of a Semiconductor IC 
device and the like and a patterning material used in the 
patterning method. 

In manufacturing a Semiconductor device including Semi 
conductor elements Such as an IC and an LSI, patterning is 
conventionally effected through photolithography using UV, 
where a light Source with a shorter wavelength is used as the 
Semiconductor devices are more refined. In the application 
of a light Source with a short wavelength, a Surface imaging 
proceSS using dry development has recently been developed 
in order to increase the depth of focus and improve practical 
resolution. 

AS an example of the Surface resolving process, U.S. Pat. 
No. 5,278,029 discloses a method in which, after selectively 
forming an oxide film of polysiloxane on the Surface of a 
resist film of a resist material which can produce an acid 
through exposure, the resist film is dry etched, So as to form 
a resist pattern. 
Now, this method of forming the resist pattern will be 

described with reference to FIGS. 6(a), 6(b), 7(a) and 7(b). 
In the following description, a copolymer of 1,2,3,4- 

tetrahydronaphthyridinenimino-p-styrene sulfonate (NISS) 
and methyl methacrylate (MMA) is used as the resist 
material which can produce an acid through exposure. 

First, as is shown in FIG. 6(a), a resist film 51 of the resist 
material, which can produce an acid through exposure, 
formed on a semiconductor substrate 50 is irradiated with a 
KrF excimer laser 53 by using a mask 52, thereby producing 
an acid in exposed areas 51a of the resist film 51. This acid 
provides the exposed areas 51a with hydrophilicity, and 
hence, the exposed areas 51a can easily adsorb a water 
content of air. Accordingly, a natural adsorbing layer 54 with 
a Small thickness, where water is adsorbed, is formed on the 
surface of each exposed area 51a as shown in FIG. 6(b). 

Next, when an alkoxysilane gas is introduced onto the 
Surface of the resist film 51, the acid included in the natural 
adsorbing layer 54 formed on the exposed area 51a works as 
a catalyst, So that alkoxysilane is hydrolyzed and dehy 
drated. As a result, an oxide film 55 is formed on the Surface 
of each exposed area 51a as is shown in FIG. 7(a). Then, by 
using the oxide film 55 as a mask, the resist film 51 is dry 
etched by RIE using O plasma 56. Thus, a fine-line resist 
pattern 57 is formed as is shown in FIG. 7(b). 

However, when the resist pattern is formed in the afore 
mentioned manner, the oxide film 55 flows during its growth 
as is shown in FIG.8. This disadvantageously enlarges the 
edge roughness of the oxide film 55. 

In particular when the pattern pitch is more refined, edge 
roughness Such as a bridge Striding patterns can occur, 
resulting in degrading the dimensional accuracy of the resist 
pattern 57. 

SUMMARY OF THE INVENTION 

In view of the aforementioned problems, the object of the 
invention is improving the dimensional accuracy of a resist 
pattern by improving edge roughness of an oxide film 
formed on the Surface of each exposed area of the resist-film. 

The present inventors made various examination on the 
cause of disturbance of the shape of the oxide film 55 and 
found the following two causes: 
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2 
First, the shape of the oxide film 55 is disturbed owing to 

low contrast, obtained by the exposure, in the change of the 
property of the resist film from hydrophobicity into hydro 
philicity. Specifically, as is shown in Chemical Formula 1, 
Sulfonic acid having a Strong hydrophilic property is pro 
duced in the exposed area of the resist film 51, resulting in 
changing the property of the exposed area of the resist film 
51 from hydrophobicity into hydrophilicity. 

Chemical Formula 1: 

th 
-cis- as (-CH-CH-) is hy 

CFO 

O 

CH 

O == O 
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However, as is shown in Chemical Formula 1, not only 
hydrophilic Sulfonic acid is produced in each exposed area 
51a of the resist film 51, but also a byproduct of hydrophobic 
tetralone and tetralone azine is produced therein. Therefore, 
the hydrophilic property of the exposed area 51a of the resist 
film 51 is weakened by such a byproduct. Also, since the 
proportion of MMA, which remains to be hydrophobic even 
after the exposure, is large as compared with that of NISS, 
which is changed to be hydrophilic through the exposure, the 
degree of hydrophilicity of the entire exposed area 51a in the 
resist film 51 is small. In addition, since the copolymer of 
NISS and MMA included in the resist film 51 inherently has 
a weak hydrophobic property, the contrast in the change of 
the property between the unexposed area 51 b 
(hydrophobicity) and the exposed area 51a (hydrophilicity) 
is low, and hence, not only the exposed area 51a adsorbs 
water but also the unexposed area 51b adsorbs a small 
amount of water. As a result, as is shown in FIG. 6(b), the 
natural adsorbing layer 54 is formed over the boundary 
between the exposed area 51a and the unexposed area 51b, 
and is unavoidably formed also on the unexposed area 51b. 
AS described above, the acid included in the natural 

adsorbing layer 54 works as a catalyst to form the oxide film 
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55 on the surface of each exposed area 51a. However, the 
natural adsorbing layer 54 is formed also on the unexposed 
area 51b, and hence, when the alkoxysilane gas is 
introduced, the oxide film 55 is formed also on the Surface 
of the unexposed area 51b as is shown in FIG. 8. In this 
manner, the shape of the oxide film 55 depends upon the 
shape of the natural adsorbing layer 54. Accordingly, the 
edge roughness of the pattern of the oxide film 55 is caused 
by disturbance of the shape of the natural adsorbing layer 54 
derived from the low contrast in the change of the property 
through the exposure. 

Secondly, the oxide film 55 is formed through change of 
an oligomer of Siloxane with a low molecular weight into a 
polymer of Siloxane with a high molecular weight. At the 
initial stage of the growth of the oxide film 55, the amount 
of the oligomer is large, and hence, the oxide film 55 tends 
to flow. 

The present invention was devised on the basis of the 
aforementioned knowledge. In order to increase the contrast 
between an exposed area and an unexposed area in a resist 
film, a polymer including a group which can be decomposed 
into a hydrophilic group under an atmosphere of an acid is 
used as a resist material. Thus, the contrast in the change of 
the property of the resist film through the exposure can be 
increased. 

The patterning material of this invention comprises a 
polymer including a first group for producing an acid 
through exposure, and a Second group which is decomposed 
into a hydrophilic group under an atmosphere of Said acid. 
When this patterning material is exposed, the first group 

produces an acid to attain an atmosphere of the acid in an 
exposed area, resulting in decomposing the Second group 
into the hydrophilic group. Accordingly, the exposed area 
can be definitely changed to be hydrophilic because the 
degree of the change of the property therein is large. Thus, 
the contrast between an unexposed area, which remains to be 
hydrophobic, and the exposed area, which has been changed 
to be greatly hydrophilic, can be increased. 

In one aspect of the patterning material, the polymer is 
preferably represented by a general formula: 

Chemical Formula 2: 

i 
-(-CH,--- (-CH3-g-y- 

-- - - - 
CEO 

O 

L - - - - - - - - - - - - 
& : OFSFO : 

Second group 
O 

N C First group 
/ N 
4 R5 

- - - - - - - - 

wherein R indicates a hydrogen atom or an alkyl group; 
R indicates a hydrophobic protecting group which is easily 
deSorbed through a function of the acid; R indicates a 
hydrogen atom or an alkyl group; R and Rs independently 
indicate a hydrogen atom, an alkyl group, a phenyl group or 
an alkenyl group, or together indicate a cyclic alkyl group, 
a cyclic alkenyl group or a cyclic alkyl or alkenyl group 
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4 
having a phenyl group; X Satisfies a relationship of 0<x<1, 
and y Satisfies a relationship of 0<y<1. In this case, Since 
0<x<1 and 0<y<1, the polymer represented by Chemical 
Formula 2 includes a ternary or higher polymer in addition 
to a binary polymer. 

In this case, the first group is decomposed to produce 
hydrophilic Sulfonic acid in the exposed area. Also, when 
heated, the protecting group which has protected a carbonyl 
group of the Second group is desorbed through the function 
of the acid produced from the first group, So as to produce 
hydrophilic carboxylic acid and a hydrophobic byproduct, 
but the hydrophobic byproduct is evaporated through the 
heating process. Thus, in the exposed area, hydrophilic 
Sulfonic acid is produced, hydrophilic carboxylic acid is 
produced, and the hydrophobic byproduct is evaporated, 
resulting in increasing the degree of the property change of 
the exposed area into hydrophilicity. As a result, the contrast 
between the exposed area and the unexposed area is further 
increased. 

In Chemical Formula 2, R and Rs preferably together 
indicate a cyclic alkyl or alkenyl group having two or more 
phenyl groups. 

In Chemical Formula 2, X and y preferably satisfy rela 
tionships of X-y=1 and 0.01 sys 0.5. 

In another aspect of the patterning material, the polymer 
is preferably represented by a general formula: 

Chemical Formula 3: 

-(-CH-CH-): (-CH--ly 
- - - 
O 

R6 
. . . 

- 

Second group 

First group 

wherein R indicates a hydrophobic protecting group 
which is easily desorbed through a function of the acid, R, 
indicates a hydrogen atom or an alkyl group; Rs and Ro 
independently indicate a hydrogen atom, an alkyl group, a 
phenyl group or an alkenyl group, or together indicate a 
cyclic alkyl group, a cyclic alkenyl group or a cyclic alkyl 
or alkenyl group having a phenyl group; X Satisfies a 
relationship of 0<x<1, and y Satisfies a relationship of 
0<y<1. In this case, since 0<x<1 and 0<y<1, the polymer 
represented by Chemical Formula 3 includes a ternary or 
higher polymer in addition to a binary polymer. 

In this case, in the exposed area, the first group is 
decomposed into hydrophilic Sulfonic acid. Also, when 
heated, the protecting group of the Second group is desorbed 
through the function of the acid produced from the first 
group, So as to produce hydrophilic vinyl alcohol and a 
hydrophobic byproduct, but the hydrophobic byproduct is 
evaporated through the heating process. Thus, in the 
exposed area, hydrophilic Sulfonic acid is produced, hydro 
philic vinyl alcohol is produced, and the hydrophobic 
byproduct is evaporated, resulting in creasing the degree of 
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the property change of the exposed area into hydrophilicity. 
AS a result, the contrast between the unexposed area and the 
exposed area is further increased. 

In Chemical Formula 3, Rs and Ro preferably together 
indicate a cyclic alkyl or alkenyl group including two or 
more phenyl groups. 

In Chemical Formula 3, X and y preferably satisfy rela 
tionships of X-y=1 and 0.01 sys 0.5. 

In Still another aspect of the patterning material, the 
polymer is preferably represented by a general formula: 

Chemical Formula 4: 

R1 

A.--CH,--- (-CH,--y- 

O 

R 2 

3. 
Second group 

First group 

wherein A indicates a group of an organic compound; R. 
indicates a hydrogen atom or an alkyl group; R2 indicates a 
hydrophobic protecting group which is easily desorbed 
through a function of the acid; R indicates a hydrogen atom 
or an alkyl group; R and Rs independently indicate a 
hydrogen atom, an alkyl group, a phenyl group or an alkenyl 
group, or together indicate a cyclic alkyl group, a cyclic 
alkenyl group, or a cyclic alkyl or alkenyl group having a 
phenyl group; and X, y and Z. Satisfy a relationship of 
X+y+Z=1. 

In this case, in the exposed area, the first group is 
decomposed into hydrophilic Sulfonic acid. Also, when 
heated, the protecting group which has protected a carbonyl 
group of the Second group is desorbed through the function 
of the acid produced from the first group, So as to produce 
hydrophilic carboxylic acid and a hydrophobic byproduct, 
but the hydrophobic byproduct is evaporated through the 
heating process. Thus, in the exposed area, hydrophilic 
Sulfonic acid is produced, hydrophilic carboxylic acid is 
produced, and the hydrophobic byproduct is evaporated, 
resulting in increasing the degree of the property change of 
the exposed area into hydrophilicity. As a result, the contrast 
between the unexposed area and the exposed area is further 
increased. 

In Chemical Formula 4, R and Rs preferably together 
indicate a cyclic alkyl or alkenyl group having two or more 
phenyl groups. 

In Chemical Formula 4, y preferably satisfies a relation 
ship of 0.01 sys0.5. 

In Still another aspect of the patterning material, the 
polymer is preferably represented by a general formula: 

1O 
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Chemical Formula 5: 

A.--CH-CH-): (-CH--ly 
- - - 
O 

. . . 

S s - - - - - - - - econd group : OFSFO : 

O 

C First group 
/ N R8 Ro 

- - - - - - - - 

wherein A indicates a group of an organic compound; R. 
indicates a hydrophobic protecting group which is easily 
desorbed through a function of the acid; R, indicates a 
hydrogen atom or an alkyl group; Rs and Ro independently 
indicate a hydrogen atom, an alkyl group, a phenyl group or 
an alkenyl group, or together indicate a cyclic alkyl group, 
a cyclic alkenyl group, or a cyclic alkyl or alkenyl group 
having a phenyl group; and X, y and Z. Satisfy a relationship 
of X-y+Z=1. 

In this case, in the exposed area, the first group is 
decomposed into hydrophilic Sulfonic acid. Also, when 
heated, the protecting group of the Second group is desorbed 
through the function of the acid produced from the first 
group, So as to produce hydrophilic vinyl alcohol and a 
hydrophobic byproduct, but the hydrophobic byproduct is 
evaporated through the heating process. Thus, in the 
exposed area, hydrophilic Sulfonic acid is produced, hydro 
philic vinyl alcohol is produced, and the hydrophobic 
byproduct is evaporated, resulting in increasing the degree 
of the property change of the exposed area into hydrophi 
licity. As a result, the contrast between the unexposed area 
and the exposed area is further increased. 

In Chemical Formula 5, Rs and Ro preferably together 
indicate a cyclic alkyl or alkenyl group having two or more 
phenyl groups. 

In Chemical Formula 5, y preferably satisfies a relation 
ship of 0.01 sys0.5. 
The patterning method of this invention comprises a first 

Step of forming a resist film by coating a patterning material, 
which comprises a polymer including a first group for 
producing an acid through exposure and a Second group 
which is decomposed into a hydrophilic group under an 
atmosphere of the acid, on a Semiconductor Substrate; a 
Second Step of producing the acid in an exposed area of the 
resist film by irradiating the resist film with an energy beam; 
a third step of changing the Second group present in the 
exposed area of the resist film into the hydrophilic group by 
heating the resist film, on which a pattern has been exposed 
through the Second Step; a fourth Step of forming a metal 
oxide film on a Surface of the exposed area by Supplying 
metal alkoxide onto the Surface of the exposed area of the 
resist film, which has been heated in the third step; and a fifth 
Step of forming a resist pattern of the resist film by dry 
etching the resist film by using the metal oxide film as a 
mask. 

In the patterning method of this invention, when the resist 
film is irradiated with the energy beam, the first group in an 
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exposed area is decomposed to produce a hydrophilic acid. 
When the resist film is then heated, the hydrophobic pro 
tecting group is desorbed to produce a hydrophilic group. 
This increases the number of the hydrophilic groups in each 
exposed area of the resist film as compared with that in the 
conventional resist film, and hence, the degree of hydrophi 
licity in the exposed area is increased. As a result, the 
contrast between the hydrophobic unexposed area and the 
exposed area which has been changed to be greatly hydro 
philic is increased. Accordingly, the natural adsorbing layer 
of water is formed on the exposed area alone. Therefore, 
when metal alkoxide is Supplied, the metal oxide film can be 
definitely formed on the Surface of the exposed area alone. 

Also, in the exposed area, the Volume of the resist material 
is decreased because of the desorption of the protecting 
group, So as to form a latent image on the exposed area. This 
results in forming a receSS on the Surface of the exposed 
area, and the metal oxide film formed on the Surface of the 
exposed area is prevented from flowing owing to the receSS. 

In this manner, after the exposing proceSS and the heating 
process, the number of the hydrophilic groups in each 
exposed area of the resist film is increased as compared with 
that in the conventional resist film. This increases the 
contrast between the hydrophobic unexposed area and the 
exposed area which has been changed to be greatly hydro 
philic. AS a result, in the process to Supply metal alkoxide, 
edge roughneSS Such as a bridge Striding patterns can be 
prevented from occurring in the metal oxide film formed on 
the Surface of the exposed area alone. Also, the metal oxide 
film formed on the Surface of the exposed area is prevented 
from flowing by the receSS formed as the latent image on the 
Surface of the exposed area. Accordingly, the patterning 
method of this invention can improve the dimensional 
accuracy of the resist pattern. 

The patterning method of this invention preferably further 
comprises, between the third Step and the fourth Step, a step 
of allowing the exposed area of the resist film to adsorb 
Water. 

In this case, water is adsorbed by the exposed area which 
has been changed to be hydrophilic, and the adsorbed water 
is diffused into a deep portion from the Surface in the 
exposed area. As a result, the metal oxide film formed on the 
exposed area can attain a large thickness, which decreases a 
damage which can occur in the etching process. Thus, the 
dimensional accuracy of the resist pattern can be further 
improved. 

In one aspect of the patterning method, the polymer is 
preferably represented by a general formula: 

1O 
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Chemical Formula 6: 

-- - - - 
CEO 

O 

R 
- - - - - - - - - - - - & OFSFO 

Second group 
O 

N C First group 
/ N 

R4 Rs 
- - - - - - - - 

wherein R indicates a hydrogen atom or an alkyl group; 
R indicates a hydrophobic protecting group which is easily 
desorbed through a function of the acid; R indicates a 
hydrogen atom or an alkyl group; R and Rs independently 
indicate a hydrogen atom, an alkyl group, a phenyl group or 
an alkenyl group, or together indicate a cyclic alkyl group, 
a cyclic alkenyl group or a cyclic alkyl or alkenyl group 
having a phenyl group; X Satisfies a relationship of 0<x<1, 
and y Satisfies a relationship of 0<y<1. In this case, Since 
0<x<1 and 0<y<1, the polymer represented by Chemical 
Formula 6 includes a ternary or higher polymer in addition 
to a binary polymer. 

In this case, in the exposed area, the first group is 
decomposed into hydrophilic Sulfonic acid. Also, when 
heated, the hydrophobic protecting group which has pro 
tected a carbonyl group of the Second group is desorbed 
through the function of the acid produced from the first 
group, So as to produce hydrophilic carboxylic acid and a 
hydrophobic byproduct, but the hydrophobic byproduct is 
evaporated through the heating process. Thus, in the 
exposed area, hydrophilic Sulfonic acid is produced, hydro 
philic carboxylic acid is produced and the hydrophobic 
byproduct is evaporated, resulting in increasing the degree 
of the property change of the exposed area into hydrophi 
licity. As a result, the contrast between the unexposed area 
and the exposed area is further increased, and hence, the 
edge roughness of the metal oxide film formed on the 
Surface of the exposed area by Supplying metal alkoxide can 
be further improved. 

In Chemical Formula 6, R and Rs preferably together 
indicate a cyclic alkyl or alkenyl group having two or more 
phenyl groups. 

In Chemical Formula 6, X and y preferably satisfy rela 
tionships of X-y=1 and 0.01 sys 0.5. 

In another aspect of the patterning method, the polymer is 
preferably represented by a general formula: 
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Chemical Formula 7: 

-(-CH-CH-): (-CH,--y 
- - - 
O 

R6 
. . . 

Second group 

First group 

wherein R indicates a hydrophobic protecting group 
which is easily desorbed through a function of the acid; R7 
indicates a hydrogen atom or an alkyl group; Rs and Ro 
independently indicate a hydrogen atom, an alkyl group, a 
phenyl group or an alkenyl group, or together indicate a 
cyclic alkyl group, a cyclic alkenyl group or a cyclic alkyl 
or alkenyl group having a phenyl group; X Satisfies a 
relationship of 0<x<1, and y Satisfies a relationship of 
0<y<1. In this case, since 0<x<1 and 0<y<1, the polymer 
represented by Chemical Formula 7 includes a ternary or 
higher polymer in addition to a binary polymer. 

In this case, in the exposed area, the first group is 
decomposed into hydrophilic Sulfonic acid. Also, when 
heated, the protecting group of the Second group is desorbed 
through the function of the acid produced from the first 
group, So as to produce hydrophilic vinyl alcohol and a 
hydrophobic byproduct, but the hydrophobic byproduct is 
evaporated through the heating process. Thus, in the 
exposed area, hydrophilic Sulfonic acid is produced, hydro 
philic Vinyl alcohol is produced, and the hydrophobic 
byproduct is evaporated, resulting in further increasing the 
degree of the property change of the exposed area into 
hydrophilicity. As a result, the contrast between the unex 
posed area and the exposed area is further increased, and 
hence, the edge roughness of the metal oxide film formed on 
the Surface of the exposed area by Supplying metal alkoxide 
can be further improved. 

In Chemical Formula 7, Rs and Ro preferably together 
indicate a cyclic alkyl or alkenyl group having two or more 
phenyl groups. 

In Chemical Formula 7, X and y preferably satisfy rela 
tionships of X-y=1 and 0.01 sys 0.5. 

In Still another aspect of the patterning method, the 
polymer is preferably represented by a general formula: 
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Chemical Formula 8: 

Second group 

First group 

wherein A indicates a group of an organic compound; R. 
indicates a hydrogen atom or an alkyl group; R2 indicates a 
hydrophobic protecting group which is easily desorbed 
through a function of the acid; R indicates a hydrogen atom 
or an alkyl group; R and Rs independently indicate a 
hydrogen atom, an alkyl group, a phenyl group or an alkenyl 
group, or together indicate a cyclic alkyl group, a cyclic 
alkenyl group, or a cyclic alkyl or alkenyl group having a 
phenyl group; and X, y and Z. Satisfy a relationship of 
X+y+z=1. 

In this case, in the exposed area, the first group is 
decomposed into hydrophilic Sulfonic acid. Also, when 
heated, the hydrophobic protecting group which has pro 
tected a carbonyl group of the Second group is desorbed, So 
as to produce hydrophilic carboxylic acid and a hydrophobic 
byproduct, but the hydrophobic byproduct is evaporated 
through the heating proceSS. Thus, in the exposed area, 
hydrophilic Sulfonic acid is produced, hydrophilic carboxy 
lic acid is produced, and the hydrophobic byproduct is 
evaporated, resulting in further increasing the degree of the 
property change of the exposed area into hydrophilicity. AS 
a result, the contrast between the unexposed area and the 
exposed area is further increased, and hence, the edge 
roughness of the metal oxide film formed on the Surface of 
the exposed area by Supplying metal alkoxide can be further 
improved. 

In Chemical Formula 8, R and Rs preferably together 
indicate a cyclic alkyl or alkenyl group having two or more 
phenyl groups. 

In Chemical Formula 8, y preferably satisfies a relation 
ship of 0.01 sys0.5. 

In Still another aspect of the patterning method, the 
polymer is preferably represented by a general formula: 
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Chemical Formula 9: 

A.--CH-CH-): (-CH--ly 
- - - 
O 

R6 
. . . 

& - - - - - - - - 
Second group O=S=O 

O 
N 

First grou -c, ?? group 
Rs. Ro 

- - - - - - - - 

wherein A indicates a group of an organic compound; R. 
indicates a hydrophobic protecting group which is easily 
desorbed through a function of the acid; R, indicates a 
hydrogen atom or an alkyl group; Rs and Ro independently 
indicate a hydrogen atom, an alkyl group, a phenyl group or 
an alkenyl group, or together indicate a cyclic alkyl group, 
a cyclic alkenyl group, or a cyclic alkyl or alkenyl group 
having a phenyl group; and x, y and Z. Satisfy a relationship 
of X-y+Z=1. 

In this case, in the exposed area, the first group is 
decomposed into hydrophilic Sulfonic acid. Also, when 
heated, the protecting group of the Second group is desorbed 
through the function of the acid produced from the first 
group, so as to produce hydrophilic vinyl alcohol and a 
hydrophobic byproduct, but the hydrophobic byproduct is 
evaporated through the heating process. Thus, in the 
exposed area, hydrophilic Sulfonic acid is produced, hydro 
philic Vinyl alcohol is produced, and the hydrophobic 
byproduct is evaporated, resulting in further increasing the 
degree of the property change of the exposed area into 
hydrophilicity. As a result, the contrast between the unex 
posed area and the exposed area is further increased, and 
hence, the edge roughness of the metal oxide film formed on 
the Surface of the exposed area by Supplying metal alkoxide 
can be further improved. 

In Chemical Formula 9, Rs and Ro preferably together 
indicate a cyclic alkyl or alkenyl group having two or more 
phenyl groups. 

In Chemical Formula 9, y preferably satisfies a relation 
ship of 0.01 sys0.5. 

In any of the aspects of the patterning material and the 
patterning method, when R and Rs in Chemical Formula 2, 
Rs and R in Chemical Formula 3, R and Rs in Chemical 
Formula 4, Rs and Ro, in Chemical Formula 5, R and Rs in 
Chemical Formula 6, Rs and Ro in Chemical Formula 7, R 
and Rs in Chemical Formula 8, and Rs and Ro in Chemical 
Formula 9 together indicate a cyclic alkyl or alkenyl group 
having two or more phenyl groups, the hydrophobic prop 
erty of the unexposed area can be enhanced. Therefore, the 
contrast between the unexposed area and the exposed area is 
further increased. 

In any of the aspects of the patterning material and the 
patterning method, when y in Chemical Formula 2, 3, 4, 5, 
6, 7, 8 or 9 satisfies the relationship of 0.01 sys 0.5, not only 
solubility of the polymer in a solvent is improved but also 
adhesion of the polymer onto the Semiconductor Substrate is 
improved. Therefore, the resultant resist film can attain 
excellent adhesion where no peeling occurs. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1(a) and 1(b) are sectional views for showing 
procedures in a patterning method according to a first 
embodiment; 

FIGS. 2(a) and 20b) are sectional views for showing other 
procedures in the patterning method according to the first 
embodiment; 

FIG. 3 is a Sectional perspective view of a latent image on 
the Surface of a resist film formed by the patterning method 
of the first embodiment; 

FIG. 4 is a sectional perspective view of a metal oxide 
film formed by the patterning method of the first embodi 
ment, 

FIG. 5 is a graph showing the results of an evaluation test 
on Samples 1, 2 and 3 for evaluating a patterning method of 
a sixth embodiment of the invention, wherein the relation 
ship between CVD treatment time and an amount of pro 
duced polysiloxane in each Sample is shown; 

FIGS. 6(a) and 6(b) are sectional views for showing 
procedures in a conventional patterning method; 

FIGS. 7(a) and 7(b) are sectional views for showing other 
procedures in the conventional patterning method; and 

FIG. 8 is a sectional perspective view for illustrating a 
problem of the conventional patterning method. 

DETAILED DESCRIPTION OF THE 
INVENTION 

(Embodiment 1) 
A method of forming a resist pattern according to a first 

embodiment of the invention will now be described with 
reference to FIGS. 1(a), 1(b), 2(a) and 2(b). 
AS a resist material, a copolymer represented by Chemical 

Formula 10 is dissolved in diglyme. As a protecting group 
Ro in Chemical Formula 10, a protecting group represented 
by Chemical Formula 11 is used. The copolymer represented 
by Chemical Formula 10 has a large number of benzene 
rings in a hydrophobic group, and hence, its hydrophobic 
property is improved as compared with that of a conven 
tionally used material. 

Chemical Formula 10: 

t 
-cis--notch--a- 

C= 

O 

R10 

OESEO 

O 

N 
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-continued 

Chemical Formula 11: 

CH-C-CH 

CH 

First, as is shown in FIG. 1(a), the resist material is coated 
on a Semiconductor Substrate 10 of Silicon by Spin coating, 
and the coated resist material is heated at a temperature of 
90° C. for 90 seconds, thereby forming a resist film 11 with 
a thickness of 1 lum. At this point, peeling or the like does 
not occur in the resist film and the obtained resist film 11 has 

good adhesion. Then, the resist film 11 is irradiated with a 
KrF excimer laser 13 as an energy beam by using a mask 12, 
thereby exposing a pattern corresponding to the mask 12 
onto the resist film 11. In this manner, on the Surface of each 
exposed are a 11a of the resist film 11, 
9-fluorenilideneimino-p-styrenesulfonate (FISS) is decom 
posed to produce an acid. After the exposure, the Semicon 
ductor substrate 10 is heated at a temperature of 140 C. for 
1 minute. A reaction formula obtained through the heating 
process after the exposure of the resist film is shown as 
Chemical Formula 12. 

Chemical Formula 12: 

CH 
hv, Heat 

-cis--notch--a- Her 
CO 

O 

ch--ch 
CH o==o 

O 

C N C 
CH 

-cis--notch-c-e- -- 
CO 

OH 

OFSFO 

OH 

O 

CH 

CH=c? - rrr, CH 

15 

25 

35 

40 

45 

50 

60 

65 

14 
-continued 

) N 
( ) 2 

In the exposing process, a hydrophobic FISS group is 
decomposed to produce hydrophilic Sulfonic acid, and in the 
heating process after the exposure, the protecting group 
represented by Chemical Formula 11 is desorbed through the 
function of the acid to produce hydrophilic carboxylic acid. 
Furthermore, as is shown in the reaction formula of Chemi 
cal Formula 12, the protecting group represented by Chemi 
cal Formula 11 is desorbed from the compound of Chemical 
Formula 10, So as to produce a hydrophobic byproduct and 
other byproducts, and the hydrophobic byproduct is evapo 
rated during the heating process. 

Through the aforementioned reactions, hydrophilic Sul 
fonic acid is produced, hydrophilic carboxylic acid is pro 
duced through the desorption of the protecting group, and 
the hydrophobic byproduct is evaporated. In addition, Since 
the resist material has the improved hydrophobic property as 
compared with the conventionally used resist material as 
described above, the property of each exposed area can be 
changed from hydrophobicity into hydrophilicity to a larger 
extent than in the conventional resist material. In other 
words, the exposed area 11a alone can attain a strong 
hydrophilic property on the resist film 11 while retaining the 
Strong hydrophobic property in an unexposed area 11b. 

Furthermore, in the heating process after the exposure, the 
volume of each exposed area 11a of the resist film 11 is 
decreased because of the desorption of the protecting group. 
AS a result, a latent image is formed on the Surface of each 
exposed area 11a of the resist film 11 as is shown in FIG. 3. 
Observation of the Surface of the resist film 11 with an AFM 
reveals that a recess with a depth of 60 nm is formed on the 
surface of each exposed area 11a of the resist film 11. 

Then, as is shown in FIG. 1(b), the semiconductor Sub 
strate 10 is allowed to stand in air with relative humidity of 
95% at a temperature of 30° C. for 30 minutes, so as to 
Supply the Surface of the resist film 11 with aqueous vapor 
15. In this manner, the aqueous vapor 15 is adsorbed onto the 
Surface of the Strongly hydrophilic exposed area 11a of the 
resist film 11, and water is diffused into a deep portion, for 
example, a portion at a depth of 100 nm from the Surface, of 
the exposed area 11a of the resist film 11. However, the 
aqueous vapor 15 is not adsorbed onto the unexposed area 
11b of the resist film 11 because of its hydrophobic property. 

Next, as is shown in FIG. 2(a), while retaining the 
semiconductor substrate 10 in the air with relative humidity 
of 95% at a temperature of 30° C., vapor 16 of methyltri 
ethoxysilane (MTEOS) is sprayed on the surface of the resist 
film 11 for 3 minutes, thereby selectively forming an oxide 
film 17 on the surface of each exposed area 11a of the resist 
film 11. In this case, the acid (H) produced through the 
decomposition of the FISS group works as a catalyst for 
hydrolysis and condensation of MTEOS, resulting in form 
ing the oxide film 17. The oxide film 17 is grown merely in 
a portion where the catalyst, that is, H, and water are both 
present. In this embodiment, Since water is Selectively 
adsorbed in the exposed area 11a of the resist film 11, the 
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oxide film is not formed on the unexposed area 11b. In 
addition, Since the receSS is formed on the Surface of the 
exposed area 11a, the oxide film 17 formed on the surface 
of the exposed area 11a is prevented from flowing. AS a 
result, the thus formed oxide film 17 has an excellent shape 
as is shown in FIG. 4. 

In the procedure shown in FIG. 1(b), the aqueous vapor 15 
is supplied to the resist film 11 so that water can be diffused 
into the deep portion from the Surface of the exposed area 
11a of the resist film 11. Accordingly, the oxide film 17 is 
grown also toward the inside of the resist film 11, resulting 
in a large thickness of the oxide film 17. 

Additionally, in the procedure shown in FIG. 2(a), 
MTEOS is supplied to the resist film 11 in the air with 
relative humidity of 95%. Accordingly, it is possible not 
only to prevent evaporation of water having been adsorbed 
by the resist film 11 but also to supply water required for 
forming the oxide film 17. Thus, the equilibrium of water 
can be retained, so that the resultant oxide film 17 attains a 
sufficiently large thickness for withstanding RIE (reactive 
ion etching) using O plasma described below. 

Next, as is shown in FIG. 2(b), the resist film 11 is 
subjected to the RIE using O plasma 18 by using the oxide 
film 17 as a mask, thereby forming a resist pattern 19. In this 
case, the RIE using O plasma is conducted by using a 
parallel plate RIE system under conditions of a power of 900 
W, a pressure of 0.7 Pa and a flow rate of 40 SCCM. 

In this manner, the contrast in the change of the property 
of the resist material from hydrophobicity to hydrophilicity 
after the exposure can be improved in this embodiment. AS 
a result, the Selectivity in adsorbing water of the exposed 
area 11a is increased, and hence, the oxide film 17 can be 
formed in an excellent shape. 

Also, Since the Surface of the exposed area 11a is provided 
with the recess and then the oxide film 17 is grown thereon, 
the flow of the oxide film 17 can be avoided, resulting in 
obtaining a fine-line pattern having Satisfactory edge rough 
CSS. 

Additionally, since water is forcedly adsorbed by the 
exposed area 11a before growing the oxide film 17 thereon, 
the oxide film 17 can attain a Sufficiently large thickneSS 
which is required for dry development by the RIE using O 
plasma. 

Although the copolymer represented by Chemical For 
mula 10 is used as the resist material in the first embodiment, 
the protecting group Rio is not limited to that represented by 
Chemical Formula 11 but can be any of hydrophobic pro 
tecting groups which can be easily desorbed through the 
function of an acid, Such as those represented by the 
following Chemical Formulas 13 through 24: 

Chemical Formula 13: 

CH- C- CH 
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Chemical Formula 1.4: 

Chemical Formula 15: 

H-C-CH 

Chemical Formula 16: 

CH- C- CH 

Chemical Formula 17: 

H-C-CH 

Chemical Formula 18: 

CH- C- CH 

Chemical Formula 19: 

Chemical Formula 20: 

wherein R and R" indicates an alkyl group, an alkenyl group 
or a phenyl group; and R" indicates a hydrogen atom, an 
alkyl group, an alkenyl group or a phenyl group. 

Chemical Formula 21: 
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Chemical Formula 22: 

O 

Chemical Formula 23: 

CH 

Chemical Formula 24: 

CH 

O O 

In addition, the copolymer used in the first embodiment 
includes a monomer from which the protecting group is 
desorbed at a polymerization ratio of 60 mol%. However, a 
copolymer having a polymerization ratio of 50 through 99 
mol % can be used instead. 

(Embodiment 2) 
Amethod of forming a resist pattern according to a Second 

embodiment of the invention will now be described. 

As a resist material, a copolymer represented by Chemical 
Formula 25 is dissolved in diglyme. As a protecting group 
R in Chemical Formula 25, the protecting group repre 
sented by Chemical Formula 13 is used. 

Chemical Formula 25: 

t 
--ch--est CH-CH-) is 

CFO 

O 

R11 

OESEO 

O 

N 

Similarly to the first embodiment, the resist material is 
coated by Spin coating on a Semiconductor Substrate of 
Silicon, and the coated resist material is heated at a tem 
perature of 90° C. for 90 seconds, thereby forming a resist 
film with good adhesion having a thickness of 1 um. Then, 
the resist film is irradiated with a KrE excimer laser, and the 
Semiconductor Substrate is then heated at a temperature of 
100° C. for 1 minute. A reaction formula obtained through 
the heating process after the exposure of the resist material 
is shown as Chemical Formula 26. 
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Chemical Formula 26: 

CH 

-at-l-erect-ches ht 
-o 
l 

cu-l-cit 
OFSFO 

l 
l 

CH 

--al-erect-ches -- CH=(-ch 
-o 
b -- 

OSEO 

OH 

O N 

-- 

2 

In the exposing process, a hydrophobic NISS group is 
decomposed to produce hydrophilic Sulfonic acid, and in the 
heating process after the exposure, the protecting group 
represented by Chemical Formula 13 is desorbed through 
the function of the acid to produce hydrophilic carboxylic 
acid. Furthermore, as is shown in the reaction formula of 
Chemical Formula 26, the protecting group represented by 
Chemical Formula 13 is desorbed from the compound of 
Chemical Formula 25, so as to produce a hydrophobic 
byproduct and other byproducts, and the hydrophobic 
byproduct is evaporated during the heating process. 

Through the aforementioned reactions, hydrophilic Sul 
fonic acid is produced, hydrophilic carboxylic acid is pro 
duced through the desorption of the protecting group, and 
the hydrophobic byproduct is evaporated. Accordingly, the 
property of each exposed area can be changed from hydro 
phobicity into hydrophilicity to a larger extent than in the 
conventional resist material. In other words, the exposed 
area alone can attain a strong hydrophilic property on the 
resist film while retaining a Strong hydrophobic property in 
an unexposed area. 

Furthermore, in the heating process after the exposure, the 
Volume of the exposed area of the resist film is decreased 
because of the desorption of the protecting group. AS a 
result, a latent image is formed on the Surface of each 
exposed area of the resist film. Observation of the surface of 
the resist film with an AFM reveals that a recess with a depth 
of 50 nm is formed on the surface of each exposed area of 
the resist film. 

Then, the Semiconductor Substrate is allowed to Stand in 
air with relative humidity of 95% at a temperature of 30° C. 
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for 30 minutes, so as to supply the surface of the resist film 
with aqueous vapor. Thus, the aqueous vapor is adsorbed 
onto the Surface of the exposed area, So that water is diffused 
into a portion at a depth of 100 nm from the surface of the 
exposed area of the resist film. 

Next, while retaining the Semiconductor Substrate in the 
air with relative humidity of 95% at a temperature of 30° C., 
vapor of MTEOS is sprayed on the surface of the resist film 
for 3 minutes, thereby selectively forming an oxide film on 
the Surface of each exposed area. Also in this Second 
embodiment, since water is selectively adsorbed by the 
exposed area of the resist film, the oxide film is not grown 
on the unexposed area, and the oxide film is prevented from 
flowing on the Surface of the exposed area owing to the 
receSS formed thereon. Thus, the oxide film can attain a 
Satisfactory shape and excellent edge roughness. 

Next, the resist film is subjected to RIE using O plasma 
by using the oxide film Selectively formed on the exposed 
area as a mask, thereby forming a fine-line resist pattern at 
high accuracy. In this case, the RIE using O plasma is 
conducted by using a parallel plate RIE System under 
conditions of a power of 900 W, a pressure of 0.7 Pa and a 
flow rate of 40 SCCM. 

In this manner, the contrast in the change of the property 
of the resist material from hydrophobicity into hydrophilic 
ity after the exposure can be improved also in this embodi 
ment. As a result, the Selectivity in adsorbing water of the 
exposed area is increased, and hence, the oxide film can be 
formed in an excellent shape. 

Also, Since the Surface of the exposed area is provided 
with the receSS and then the oxide film is grown thereon, the 
flow of the oxide film can be avoided, resulting in obtaining 
a fine-line pattern having Satisfactory edge roughness. 

Additionally, since water is forcedly adsorbed by the 
exposed area before growing the oxide film thereon, the 
oxide film can attain a Sufficiently large thickness which is 
required for the dry development by the RIE using O 
plasma. 

Although the copolymer represented by Chemical For 
mula 25 is used as the resist material in the Second 
embodiment, the protecting group R1 is not limited to that 
represented by Chemical Formula 13 but can be any of 
hydrophobic protecting groups which can be easily desorbed 
through the function of an acid, Such as those represented by 
Chemical Formulas 11 and 14 through 24. 

In addition, the copolymer used in the Second embodi 
ment includes a monomer from which the protecting group 
is desorbed at a polymerization ratio of 75 mol%. However, 
a copolymer having a polymerization ratio of 50 through 99 
mol % can be used instead. 

(Embodiment 3) 
A method of forming a resist pattern according to a third 

embodiment of the invention will now be described. 

AS a resist material, a copolymer represented by Chemical 
Formula 27 is dissolved in diglyme. As a protecting group 
R in Chemical Formula 27, the protecting group repre 
sented by Chemical Formula 11 is used. 

1O 
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Chemical Formula 27: 

-(-CH-CH-) (-CH-CH-) 

l 
: 12 OFSFO 

Similarly to the first embodiment, the resist material is 
coated by Spin coating on a Semiconductor Substrate of 
Silicon, and the coated resist material is heated at a tem 
perature of 90° C. for 90 seconds, thereby forming a resist 
film with good adhesion having a thickness of 1 um. Then, 
the resist film is irradiated with a KrE excimer laser, and the 
Semiconductor Substrate is then heated at a temperature of 
140 C. for 1 minute. A reaction formula obtained through 
the heating process after the exposure of the resist material 
is shown as Chemical Formula 28. 

Chemical Formula 28: 

-(-CH-CHO (-CH-CH 

hy, Heat 

o 
O 

CH -C-CH, O=S=O 

O 

N 

-(-CH-CHO (-CH-CH - 

c) 
OH 

CH 

co, -- 
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In the exposing process, a hydrophobic FISS group is 

decomposed to produce hydrophilic Sulfonic acid, and in the 
heating process after the exposure, the protecting group 
represented by Chemical Formula 11 is desorbed through the 
function of the acid to produce hydrophilic vinyl alcohol. 
Furthermore, as is shown in the reaction formula of Chemi 
cal Formula 28, the protecting group represented by Chemi 
cal Formula 11 is desorbed from the compound of Chemical 
Formula 27, So as to produce a hydrophobic byproduct and 
other byproducts, and the hydrophobic byproduct is evapo 
rated during the heating process. 

Through the aforementioned reactions, hydrophilic Sul 
fonic acid is produced, hydrophilic vinyl alcohol is produced 
through the desorption of the protecting group, and the 
hydrophobic byproduct is evaporated. Accordingly, the 
property of each exposed area can be changed from hydro 
phobicity into hydrophilicity to a larger extent than in the 
conventional resist material. In other words, the exposed 
area alone can attain a strong hydrophilic property on the 
resist film while retaining a Strong hydrophobic property in 
an unexposed area. 

Furthermore, in the heating process after the exposure, the 
Volume of the exposed area of the resist film is decreased 
because of the desorption of the protecting group. AS a 
result, a latent image is formed on the Surface of each 
exposed area of the resist film. Observation of the surface of 
the resist film with an AFM reveals that a recess with a depth 
of 50 nm is formed on the surface of each exposed area of 
the resist film. 

Then, the Semiconductor Substrate is allowed to Stand in 
air with relative humidity of 95% at a temperature of 30° C. 
for 30 minutes, so as to supply the surface of the resist film 
with aqueous vapor. Thus, the aqueous vapor is adsorbed 
onto the Surface of the exposed area, So that water is diffused 
into a portion at a depth of 100 nm from the surface of the 
exposed area of the resist film. 

Next, while retaining the Semiconductor Substrate in the 
air with relative humidity of 95% at a temperature of 30° C., 
vapor of MTEOS is sprayed on the surface of the resist film 
for 3 minutes, thereby selectively forming an oxide film on 
the Surface of each exposed area. Also in this third 
embodiment, since water is selectively adsorbed by the 
exposed area of the resist film, the oxide film is not grown 
on the unexposed area, and the oxide film is prevented from 
flowing on the Surface of the exposed area owing to the 
receSS formed thereon. Thus, the oxide film can attain a 
Satisfactory shape and excellent edge roughness. 

Next, the resist film is subjected to RIE using O plasma 
by using the oxide film Selectively formed on the exposed 
area as a mask, thereby forming a fine-line resist pattern. In 
this case, the RIE using O plasma is conducted by using a 
parallel plate RIE system under conditions of a power of 900 
W, a pressure of 0.7 Pa and a flow rate of 40 SCCM. 

In this manner, the contrast in the change of the property 
of the resist material from hydrophobicity into hydrophilic 
ity after the exposure can be improved also in this embodi 
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ment. As a result, the Selectivity in adsorbing water of the 
exposed area is increased, and hence, the oxide film can be 
formed in an excellent shape. 

Also, Since the Surface of the exposed area is provided 
with the receSS and then the oxide film is grown thereon, the 
flow of the oxide film can be avoided, resulting in obtaining 
a fine-line pattern having Satisfactory edge roughness. 

Additionally, since water is forcedly adsorbed by the 
exposed area before growing the oxide film thereon, the 
oxide film can attain a Sufficiently large thickness which is 
required for the dry development by the RIE using O 
plasma. 

Although the copolymer represented by Chemical For 
mula 27 is used as the resist material in the third 
embodiment, the protecting group R is not limited to that 
represented by Chemical Formula 11 but can be any of the 
hydrophobic protecting groups which can be easily desorbed 
through the function of an acid, Such as those represented by 
Chemical Formulas 13 through 24. 

In addition, the copolymer used in the third embodiment 
includes a monomer from which the protection group is 
desorbed at a polymerization ratio of 60 mol%. However, a 
copolymer having a polymerization ratio of 50 through 99 
mol % can be used instead. 

(Embodiment 4) 
A method of forming a resist pattern according to a fourth 

embodiment of the invention will now be described. 

As a resist material, a copolymer represented by Chemical 
Formula 29 is dissolved in diglyme. As a protecting group 
R in Chemical Formula 29, the protecting group repre 
sented by Chemical Formula 13 is used. 

Chemical Formula 29: 

-(-CH-CH rise-CH-CH ross 

l 
s 13 ORSFO 

: 

Similarly to the first embodiment, the resist material is 
coated by Spin coating on a Semiconductor Substrate of 
Silicon, and the coated resist material is heated at a tem 
perature of 90° C. for 90 seconds, thereby forming a resist 
film with good adhesion having a thickness of 1 um. Then, 
the resist film is irradiated with a KrE excimer laser, and the 
Semiconductor Substrate is then heated at a temperature of 
100° C. for 1 minute. A reaction formula obtained through 
the heating process after the exposure of the resist material 
is shown as Chemical Formula 30. 
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Chemical Formula 30: 

-(-CH-CHngs (-CH-CH was h ’ Heat, 

=o 

cu-l-ch, OFSFO 
O 

l 

CO 
-(-CH-Host-CH-His co, 

c) 
OSEO 

OH 

O 

In the exposing process, a hydrophobic NISS group is 
decomposed to produce hydrophilic Sulfonic acid, and in the 
heating process after the exposure, the protecting group 
represented by Chemical Formula 13 is desorbed through 
the function of the acid to produce hydrophilic vinyl alcohol. 
Furthermore, as is shown in the reaction formula of Chemi 
cal Formula 30, the protecting group represented by Chemi 
cal Formula 13 is desorbed from the compound of Chemical 
Formula 29, So as to produce a hydrophobic byproduct and 
other byproducts, and the hydrophobic byproduct is evapo 
rated during the heating process. 

Through the aforementioned reactions, hydrophilic Sul 
fonic acid is produced, hydrophilic vinyl alcohol is produced 
through the desorption of the protecting group, and the 
hydrophobic byproduct is evaporated. Accordingly, the 
property of each exposed area can be changed from hydro 
phobicity into hydrophilicity to a larger extent than in the 
conventional resist material. In other words, the exposed 
area alone can attain a strong hydrophilic property on the 
resist film while retaining a Strong hydrophobic property in 
an unexposed area. 

Furthermore, in the heating process after the exposure, the 
Volume of the exposed area of the resist film is decreased 
because of the desorption of the protecting group. AS a 
result, a latent image is formed on the Surface of each 
exposed area of the resist film. Observation of the surface of 
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the resist film with an AFM reveals that a recess with a depth 
of 50 nm is formed on the surface of each exposed area of 
the resist film. 

Then, the Semiconductor Substrate is allowed to Stand in 
air with relative humidity of 95% at a temperature of 30° C. 
for 30 minutes, so as to supply the surface of the resist film 
with aqueous vapor. Thus, the aqueous vapor is adsorbed 
onto the Surface of the exposed area, So that water is diffused 
into a portion at a depth of 100 nm from the surface of the 
exposed area of the resist film. 

Next, while retaining the Semiconductor Substrate in the 
air with relative humidity of 95% at a temperature of 30° C., 
vapor of MTEOS is sprayed on the surface of the resist film 
for 3 minutes, thereby selectively forming an oxide film on 
the Surface of each exposed area. Also in this fourth 
embodiment, since water is selectively adsorbed by the 
exposed area of the resist film, the oxide film is not grown 
on the unexposed area, and the oxide film is prevented from 
flowing on the Surface of the exposed area owing to the 
receSS formed thereon. Thus, the oxide film can attain a 
Satisfactory shape and excellent edge roughness. 

Next, the resist film is subjected to RIE using O plasma 
by using the oxide film Selectively formed on the exposed 
area as a mask, thereby forming a fine-line resist pattern. In 
this case, the RIE using O plasma is conducted by using a 
parallel plate RIE system under conditions of a power of 900 
W, a pressure of 0.7 Pa and a flow rate of 40 SCCM. 

In this manner, the contrast in the change of the property 
of the resist material from hydrophobicity into hydrophilic 
ity after the exposure can be improved also in this embodi 
ment. As a result, the Selectivity in adsorbing water of the 
exposed area is increased, and hence, the oxide film can be 
formed in an excellent shape. 

Also, Since the Surface of the exposed area is provided 
with the receSS and then the oxide film is grown thereon, the 
flow of the oxide film can be avoided, resulting in obtaining 
a fine-line pattern having Satisfactory edge roughness. 

Additionally, since water is forcedly adsorbed by the 
exposed area before growing the oxide film thereon, the 
oxide film can attain a Sufficiently large thickness which is 
required for the dry development by the RIE using O 
plasma. 

Although the copolymer represented by Chemical For 
mula 29 is used as the resist material in the fourth 
embodiment, the protecting group R is not limited to that 
represented by Chemical Formula 13 but can be any of 
hydrophobic protecting groups which can be easily desorbed 
through the function of an acid, Such as those represented by 
Chemical Formulas 11 and 14 through 24. 

In addition, the copolymer used in the fourth embodiment 
includes a monomer from which the protecting group is 
desorbed at a polymerization ratio of 75 mol%. However, a 
copolymer having a polymerization ratio of 50 through 99 
mol % can be used instead. 

In each of the first through fourth embodiments, a binary 
polymer is used as the copolymer. However, a ternary or 
higher polymer obtained by polymerizing the binary poly 
mer with a group represented by Chemical Formula 31 or 32 
can be used instead. 
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Chemical Formula 31: 

CH 

cu 
l=o 
–ch, 

Chemical Formula 32: 

CHFCH 

=o 
-a, 

(Embodiment 5) 

A method of forming a resist pattern according to a fifth 
embodiment of the invention will now be described. 

AS a resist material, a copolymer represented by Chemical 
Formula 33 is dissolved in diglyme. 

Chemical Formula 33: 

CH 

O 

CH 

CH 

Similarly to the first embodiment, the resist material is 
coated by Spin coating on a Semiconductor Substrate of 
Silicon, and the coated resist material is heated at a tem 
perature of 90° C. for 90 seconds, thereby forming a resist 
film with a thickness of 0.6 um (which process is hereinafter 
referred to as the resist film forming process). 

Then, the resist film is irradiated with an ArE excimer 
laser So that an area 3 mm Square is exposed at an exposure 
of 40 m.J/cm (which process is hereinafter referred to as the 
exposing process). 

Next, after the exposure, the Semiconductor Substrate is 
subjected to a heat treatment at a temperature of 100° C. for 
30 minutes (which process is hereinafter referred to as the 
heating process). A reaction formula obtained through this 
heating process is shown as Chemical Formula 34: 

1O 
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Chemical Formula 34: 

CH CH 

--al-orch-inch-hat CFO CFO h' est 

l 
l, 

ORSFO 

O 

l 

CH3 CH3 

--al-letch-latch-clear -- 
1-0 -o 

b 
l, 

ORSFO 

OH 

2 

In the exposing process, a hydrophobic NISS group is 
decomposed to produce hydrophilic Sulfonic acid, and in the 
heating process after the exposure, the protecting group 
represented by Chemical Formula 22 is desorbed from the 
compound of Chemical Formula 33 through the function of 
the acid to produce hydrophilic carboxylic acid. 
Furthermore, as is shown in the reaction formula of Chemi 
cal Formula 34, the protecting group represented by Chemi 
cal Formula 22 is desorbed from the compound of Chemical 
Formula 33, so as to produce a hydrophobic byproduct and 
other byproducts, and the hydrophobic byproduct is evapo 
rated during the heating process. 

Then, the Semiconductor Substrate is allowed to Stand in 
air with relative humidity of 82% at a temperature of 34 C. 
for 20 minutes, So as to Supply the Surface of the resist film 
with aqueous vapor (which process is hereinafter referred to 
as the aqueous vapor treatment process). 

Next, while retaining the Semiconductor Substrate in the 
air with relative humidity of 82% at a temperature of 34 C., 
vapor of MTEOS, that is, metal alkoxide, is sprayed on the 
surface of the resist film for 3 through 10 minutes, thereby 
Selectively forming an oxide film on the Surface of each 
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exposed area (which process is hereinafter referred to as the 
metal alkoxide treatment process). 

Also in this fifth embodiment, since water is selectively 
adsorbed by the exposed area of the resist film, the oxide 
film is not grown on an unexposed area, and the oxide film 
formed on the Surface of the exposed area is prevented from 
flowing due to a receSS formed on the exposed area. AS a 
result, the resultant oxide film can attain excellent edge 
roughness and a Satisfactory shape. 

Next, the resist film is subjected to RIE using O. plasma 
by using the oxide film Selectively formed on the exposed 
area as a mask, thereby forming a fine-line resist pattern with 
high accuracy. In this case, the RIE using O plasma is 
conducted by using a parallel plate RIE System under 
conditions of a power of 900 W, a pressure of 0.7 Pa and a 
flow rate of 40 SCCM. 

In this manner, the contrast in the change of the property 
of the resist material from hydrophobicity into hydrophilic 
ity after the exposure is improved in the fifth embodiment, 
So that the Selectivity in adsorbing water of the exposed area 
can be improved. Thus, the resultant oxide film selectively 
formed on the exposed area can attain a Satisfactory shape, 
resulting in forming a resist pattern with high resolution. 
Now, an evaluation test for evaluating the patterning 

method according to this embodiment will be described. 
First, a resist material obtained by dissolving the copoly 

mer represented by Chemical Formula 33 in diglyme is 
Subjected to the resist film forming proceSS and the exposing 
process. Then, with the heating process omitted, the aqueous 
Vapor treatment proceSS and the metal alkoxide treatment 
proceSS are effected on the resist film, thereby giving a 
Sample 1. 

Also, a resist material obtained by dissolving the copoly 
mer represented by Chemical Formula 33 in diglyme is 
Subjected to the resist film forming process, the exposing 
process, the heating process, the aqueous vapor treatment 
proceSS and the metal alkoxide treatment process, thereby 
giving a Sample 2. 

Furthermore, a resist material obtained by dissolving a 
copolymer of NISS and MMA represented by Chemical 
Formula 35 in diglyme, which is described above as the 
conventional material, is Subjected to the resist film forming 
proceSS and the exposing process. Then, with the heating 
process omitted, the aqueous vapor treatment proceSS and 
the metal alkoxide proceSS are effected on the obtained resist 
film, thereby giving a Sample 3. 

Chemical Formula 35: 

CH 

--clo-letal-creat 
- 

l, 
OFSFO 

In order to evaluate the amount of the thus formed oxide 
film, the absorption peak of Si-CH is measured in each of 
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the samples 1, 2 and 3 by using an FTIR (Fourier transform 
infrared spectroscopic analyzer), thereby obtaining the 
amount of produced polysiloxane. Specifically, the amount 
of polysiloxane produced in an area 3 mm Square in an 
exposed area and an unexposed area of each of the Samples 
1, 2 and 3 is measured by using the FTIR. 
The amount of polysiloxane produced in the exposed area 

of each sample is shown in FIG. 5. The produced polysi 
loxane is remarkably large in amount in the Sample 2, which 
is obtained by conducting the heating process after the 
exposing process on the resist material including the copoly 
mer represented by Chemical Formula 33, as compared with 
the Samples 1 and 3. AS described above, through the heating 
process after the exposing process, the protecting group is 
deSorbed to produce hydrophilic carboxylic acid. As a result, 
the resist film attains a strong hydrophilic property, which 
accelerates adsorption of water. This is probably the reason 
because the remarkably large amount of polysiloxane is 
produced in the Sample 2 as compared with the Samples 1 
and 3. 

Furthermore, in the unexposed area of any of the Samples 
1, 2 and 3, no polysiloxane is produced. This is because the 
unexposed area has a Sufficient hydrophobic property, and 
hence, not only water is not adsorbed by the unexposed area 
but also an acid working as the catalyst does not exist on the 
unexposed area. 

Although the copolymer represented by Chemical For 
mula 33 is used as the resist material in the fifth 
embodiment, the protecting group is not limited to that 
represented by Chemical Formula 22 but can be any of 
hydrophobic protecting groups which can be easily desorbed 
through the function of an acid, Such as those represented by 
Chemical Formulas 11, 13 through 21, 23 and 24. 
(Embodiment 6) A method of forming a resist pattern 

according to a sixth embodiment of the invention will now 
be described. 
AS a resist material, a copolymer represented by Chemical 

Formula 36 is dissolved in diglyme. 

Chemical Formula 36: 

CH 

-(-CH2-(-)-(CH2-Ho (-CH-CH-) 

- –0 
CH 

Similarly to the first embodiment, the resist material is 
coated by Spin coating on a Semiconductor Substrate of 
Silicon, and the coated resist material is heated at a tem 
perature of 90° C. for 90 seconds, thereby forming a resist 
film having a thickness of 0.6 um. Then, the resist film is 
irradiated with an Arf excimer laser, and the Semiconductor 
substrate is then heated at a temperature of 100° C. for 30 
minutes. 

In the exposing process, a hydrophobic NISS group is 
decomposed to produce hydrophilic Sulfonic acid, and in the 
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heating process after the exposure, the protecting group 
represented by Chemical Formula 22 is desorbed through 
the function of the acid to produce hydrophilic vinyl alcohol. 

Then, the Semiconductor Substrate is allowed to Stand in 
air with relative humidity of 82% at a temperature of 34 C. 
for 20 minutes, So as to Supply the Surface of the resist film 
with aqueous vapor. 

Next, while retaining the Semiconductor Substrate in the 
air with relative humidity of 82% at a temperature of 34 C., 
vapor of MTEOS is sprayed on the surface of the resist film 
for 3 through 10 minutes, thereby selectively forming an 
oxide film on the Surface of each exposed area. 

Also in this sixth embodiment, Since water is Selectively 
adsorbed by each exposed area of the resist film, the oxide 
film is not grown on an unexposed area, and the oxide film 
is prevented from flowing on the Surface of the exposed area 
owing to a receSS formed thereon. Thus, the oxide film can 
attain a Satisfactory shape and excellent edge roughness. 

Next, the resist film is subjected to RIE using O plasma 
by using the oxide film Selectively formed on the exposed 
area as a mask, thereby forming a fine-line resist pattern. In 
this case, the RIE using O plasma is conducted by using a 
parallel plate RIE system under conditions of a power of 900 
W, a pressure of 0.7 Pa and a flow rate of 40 SCCM. 

In this manner, the contrast in the change of the property 
of the resist material from hydrophobicity into hydrophilic 
ity after the exposure can be improved also in this embodi 
ment. As a result, the Selectivity in absorbing water of the 
exposed area is increased, and hence, the oxide film can be 
formed in an excellent shape. Thus, the resist pattern having 
high resolution can be formed. 

Although the copolymer represented by Chemical For 
mula 36 is used as the resist material in the Sixth 
embodiment, the protecting group is not limited to that 
represented by Chemical Formula 22 but can be any of 
hydrophobic protecting groups which can be easily desorbed 
through the function of an acid, Such as those represented by 
Chemical Formulas 11, 13 through 21, 23 and 24. 

In each of the first through sixth embodiments, MTEOS 
is used as metal alkoxide, but MTEOS can be replaced with 
another metal alkoxide, such as Si(OCH), CHSiCOCH), 
Si(OCH3), Ti(OCHs), Ge(OCHs), Al(OCHs), 
Zr(OCH) in a vapor or liquid form. 

Also in each of the first through sixth embodiments, the 
dry development is effected by the RIE using O plasma, 
which can be replaced with ECR (electron cyclotron reso 
nance etching) using O plasma or the like. 

Furthermore, in each of the first through sixth 
embodiments, any of a Krf excimer laser, an Arf excimer 
laser or X-ray can be appropriately used as a light Source for 
the exposure. 

Moreover, in each of the first through sixth embodiments, 
the Semiconductor Substrate is allowed to Stand in aqueous 
Vapor in the process of diffusing water on and into the 
exposed area of the resist film, but the resist film on the 
Semiconductor Substrate can be Supplied with water in a 
liquid form instead. However, water is more rapidly diffused 
So as to enlarge the thickness of the oxide film when 
Supplied in a gas phase than when Supplied in a liquid phase. 
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What is claimed is: 
1. A patterning method comprising: 
a first Step of forming a resist film by coating a patterning 

material, which comprises a polymer including a first 
group for producing an acid through exposure and a 
Second group which is decomposed into a hydrophilic 
group under an atmosphere of Said acid, on a Semicon 
ductor Substrate; 

a Second Step of producing Said acid in an exposed area of 
Said resist film by irradiating Said resist film with an 
energy beam; 

a third Step of changing Said Second group present in the 
exposed area of Said resist film into the hydrophilic 
group by heating Said resist film, on which a pattern has 
been exposed through Said Second Step; 

a fourth Step of forming a metal oxide film on a Surface 
of the exposed area by Supplying metal alkoxide onto 
the Surface of the exposed area of Said resist film, which 
has been heated in Said third Step; and 

a fifth Step of forming a resist pattern of Said resist film by 
dry etching Said resist film by using Said metal oxide 
film as a mask. 

2. The patterning method of claim 1 further comprising, 
between Said third Step and Said fourth Step, a step of 
allowing the exposed area of Said resist film to adsorb water. 

3. The patterning method of claim 1, 
wherein Said polymer is represented by a general formula: 

-cis-rich,--- 
CFO 

O 

R2 

OESO 

O 

N 

C 
/ V 

R4 Rs 

wherein R indicates a hydrogen atom or an alkyl group; 
R indicates a hydrophobic protecting group which is 
easily desorbed through a function of Said acid; R. 
indicates a hydrogen atom or an alkyl group; R and Rs 
independently indicate a hydrogen atom, an alkyl 
group, a phenyl group or an alkenyl group, or together 
indicate a cyclic alkyl group, a cyclic alkenyl group or 
a cyclic alkyl or alkenyl group having a phenyl group; 
X Satisfies a relationship of 0<x<1, and y Satisfies a 
relationship of 0<y<1. 

4. The patterning method of claim 3, 
wherein R and Rs in Said general formula together 

indicate a cyclic alkyl or alkenyl group having two or 
more phenyl groups. 

5. The patterning method of claim 3, 
wherein X and y in Said general formula Satisfy relation 

ships of X-y=1 and 0.01 sys 0.5. 
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6. The patterning method of claim 1, 
wherein Said polymer is represented by a general formula: 

R7 --al-pitch-- 
O 

R6 

olo 
O 

N 

| 

wherein R indicates a hydrophobic protecting group 
which is easily desorbed through a function of Said 
acid; R-7 indicates a hydrogen atom or an alkyl group; 
Rs and Ro independently indicate a hydrogen atom, an 
alkyl group, a phenyl group or an alkenyl group, or 
together indicate a cyclic alkyl group, a cyclic alkenyl 
group or a cyclic alkyl or alkenyl group having a phenyl 
group; X Satisfies a relationship of 0<x<1, and y Satis 
fies a relationship of 0<y<1. 

7. The patterning method of claim 6, 
wherein Rs and Ro in Said general formula together 

indicate a cyclic alkyl or alkenyl group having two or 
more phenyl groups. 

8. The patterning method of claim 6, 
wherein X and y in Said general formula Satisfy relation 

ships of X-y=1 and 0.01 sys 0.5. 
9. The patterning method of claim 1, 
wherein Said polymer is represented by a general formula: 

A-e CH-C-x CH-C-y- 
FO 

wherein A indicates a group of an organic compound; R1 
indicates a hydrogen atom or an alkyl group; R. 

1O 
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indicates a hydrophobic protecting group which is 
easily desorbed through a function of Said acid; R. 
indicates a hydrogen atom or an alkyl group; R and Rs 
independently indicate a hydrogen atom, an alkyl 
group, a phenyl group or an alkenyl group, or together 
indicate a cyclic alkyl group, a cyclic alkenyl group, or 
a cyclic alkyl or alkenyl group having a phenyl group; 
and X, y and Z. Satisfy a relationship of X-y+Z=1. 

10. The patterning method of claim 9, 
wherein R and Rs in Said general formula together 

indicate a cyclic alkyl or alkenyl group having two or 
more phenyl groups. 

11. The patterning method of claim 9, 
wherein y in Said general formula Satisfies a relationship 

of 0.01 sys 0.5. 
12. The patterning method of claim 1, 
wherein Said polymer is represented by a general formula: 

R7 --al-pitch-- 
O 

R6 

olo 
O 

N 

| 

wherein A indicates a group of an organic compound; R. 
indicates a hydrophobic protecting group which is 
easily desorbed through a function of Said acid; R7 
indicates a hydrogen atom or an alkyl group; Rs and Ro 
independently indicate a hydrogen atom, an alkyl 
group, a phenyl group or an alkenyl group, or together 
indicate a cyclic alkyl group, a cyclic alkenyl group, or 
a cyclic alkyl or alkenyl group having a phenyl group; 
and X, y and Z. Satisfy a relationship of X-y+Z=1. 

13. The patterning method of claim 12, 
wherein Rs and Ro in Said general formula together 

indicate a cyclic alkyl or alkenyl group having two or 
more phenyl groups. 

14. The patterning method of claim 12, 
wherein y in Said general formula Satisfies a relationship 

of 0.01 sys 0.5. 


